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The present invention relates fo glass melting 
furnaces and particularly fo ïurnaces designed 
for melting glass by combustion heat transmitted 
to the batch and the glass directly ïrom the 
flame, by convection, and by radiation ïrom the 5 
top and side walls oï the ïurnace which are also 
heated by the flame. In the foregoing type of 
heating the melting rate and hence the capacity 
of the tank are definitely limited by the amount 
of heat which can be transmitted fo the glass ]0 
without abnormal detrimental effect fo the re- 
fractory walls and top oï the furnace. Applicant 
has round that the maximum output of a com- 
bustion heat ïurnace can be materially increased 
by augmenting combustion heat with heat elec- ]5 
tïically introduced into the gtass by the Joule 
effect; that electrical heating can be carried on 
in a manner fo materially improve the efficiency 
of combustion heating; and that such improve- 
ment can be attained without shortening the lire 20 
of the ïurnace. 
The prime object oï the invention, therefore, 
is the addition to the melting tank of a combus- 
tion type glass melting furnace of ïacilities 
whereby ifs efiiciency and production rate can be 25 
materially increased without adversety affecting 
the lire of the fur'nace. 
Other and more specific objects of the inven- 
tion inctuding detaits of the arrangement and 
location of the electric heating ïacilities will be 30 
more ïully set ïorth in and appreciated ïrom a 
reading of the fotlowing specification and 
pended claire, when considered in conjunction 
with the accompanying drawing in which: 
Fig. i is a view in vertical section of a portion 35 
of a glass melting furnace embodying the inven- 
tion, certain parts being shown diagrammaticatly 
and others omitted; 
Fig. 2 is a sectional plan view on lines 2--2 of 
Fig. i with electrical circuits applied in diagram- 40 
matical ïashion. 
1%eferring fo the drawing, the invention is 
plied to a conventional form of glass melting 
tank including a bottom , side walls 2 and , an 
end wall , and an arched rooï . Batch ïeed 
45 
openings  and 9 are located in end wall  af 
substantial height above the glass line |0. For 
example, in a tank having an internal dimension 
oï 16 x 44 ïeet and a normal glass depth oï 
proximately three feet, openings 8 and 9 may 50 
have their center line as high as three and one- 
hall ïeet above the glass line. The tank may be 
divided into melting .and fiming compartments  | 
and |2 by the usual bridge wall | having 
throat | through which melted glass passes to 55 
the fining compartment. 
As illust'ated, the combustion heating means 
includes a plurality of burner openings |-|8 
through which fluid fuel may be injected into 
the chamber | | above the normal level |0 of the 60 
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gïass therein. Suitable air fllet ports and ports 
for the ourlet oï products of combustion may also 
be provided, these ports not being shown. ït will 
be understood, however, that any usual or de- 
sired construction may be employed in cormec- 
tion with the furnace for saving heat by re- 
generation or recuperation and for supplying 
heat derived ïrom combustion to the glass and 
g!ass making materials or batch, that which is 
diagrammatically illustrated being but an ex- 
ample of combustion means which may be pro- 
vi.ded. 
Electrode element groups 2|-24, each com- 
posed oï elements two to three inches in diam- 
eter, are projected into the tank through the 
bottom thereof arranged in a row transverse oï 
the tank and terminating below the metal line 
9. Assuming a tank of the dimensions given in 
the example, the row of electrode element groups 
2-2, is preferably placed no nearer than six 
feet ïrom the end wall , but should not be moved 
ïorward a distance exceeding 12 ïeet from such 
end wa!l. Also, electrode groups 2| .and 
should be space.d from their adjacent side walls 
2 and 3 af least as great a distance as the spaces 
between electrode groups. In the example 
stlucture, the space between electrode groups is 
approximately two and one-half feet. 
As illustrated in Fig. 2, the electrode groups 
are supplied with electrical potential by trans- 
formers T|--T and the current densities in the 
glass between the respective groups are con- 
trolled by the setting of direct current saturable 
cote reactors 1%|--1%. With the electrode 
groups arranged as iltustrated and the ïoregoing 
circuit arrangement provided therefor, a series oï 
coextensive current paths through the glass in a 
direction transverse to the direction of fiow of 
glass through the ïurnace is provided. 
Operation 
To explain the improvement in efficiency and 
increase in output ruade possible by use of elec- 
tric heating, the conditions which prevail during 
maximum output by means of combustion heat 
alone will first be briefiy described. In the nor- 
mal operation, batch fill extends from the bot- 
tom | of the furnace up fo the filling openings 
 and 9 and is continuously acted on by the com- 
bustion fiames introduced into the ïurnace. 
attempt is ruade fo force the ïurnace the com- 
bustion fiames are unable fo melt the batch ma- 
terials as rapidly as they are received. As a 
consequence the batch fill attains a height in 
which if defiects the fiames with excessive 
tensity toward the furnace roof and iï the con- 
dition is allowed fo continue destruction of the 
furnace structure results. 
At far greater rates of fill with a relatively 
small amount of electric current passed through 



600»490 

the glass between electrode groups located and 
arranged as fllustrated, convection currents are 
set up which bring glass from the area in advance 
of the electrode groups into the area to the rear 
thereof in a manner to undermine the batch prie 
buflt up during combustion heating alone and to 
completely melt and dissolve it. By utilization 
of electric energy to maintain the tank free of 
a batch pi!e, combustion heating is better dis- 
tributed over t!]e glass surface and is thus made 
more efficient. This added eflïciency plus the 
melting capacity added electrically enable a very 
substantial increase in melting rate with no in- 
crease in furnace xvall or roof temperature so 
that the normal furnace life is maintained or 
even prolonged. 
The action of convection currents which are 
set up in the glass between the electrode groups 
and which function so effectively to melt down 
the batch prie is hot fully understood. If appears 
that a back flow of glass occurs between electrode 
groups to such an extent that little or none of 
the newly melted batch moves forward in these 
areas so that the row of electrode groups with 
potential applied thereto may be said to func- 
tion as a data to thermally check the flow of 
batch materials therebetween into the main body 
of the pool whfle the newly melted batch forms 
two streams, the one passing between the furnace 
side watl 2 and e!ectrode group 25 and the other 
passing between the side wa11 3 and the electrode 
group 24. For this reason for such successful 
operation it is essential that the end electrode 
groups in the row be kept substantially spaced 
from the tank side walls. 
Although the locations given for the electrode 
groups employed and of the batch feed openings 
have been specified for a tank structure of a given 
dimension, this has been for purposes of examp]e 
only and it witl be understood that these loca- 
tions witl necessarily be modifled in varying de- 
gres with variations in size and proportions of 
tank structures and height of the batch supply 
opênings. Also, although in the example struc- 
ture four etectrode groups are disclosed, when 
glasses of high electrical conductivity are being 
melted, itis possible to omit electrode groups 22 
and 23 and to apply the necessary differential po- 
tentis.ls fo the remaining electrode groups 2 
and 24. In addition, as Wfll be clearly under- 
stood, each electïode group connected to the saine 
terminal of a source of electrical current is equiv- 
alent to a single electrode having the saine sur- 
face of contact with the glass. The invention, 
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therefore, is not tobe limited except by the scope 
of the appended claire or as may be ruade neces- 
sary by the prior art. 
I claire: 
5 A method of metting g!ass involving a continu- 
ous glass flow which comprises directing com- 
bustion heat into a glass-melting zone containing 
liquid glass, introducing raw glass batch ma- 
terials into one end of such zone ai a rate greater 
10 than that ai which the supptied combustion heat 
can melt such bath materials to replace liquid 
glass withdrawn from such zone ai such greater 
rate, supplying supplemental melting heat to the 
]iquid glass in such zone to make up the combus- 
15 tion heat deficiency by the passage of an electric 
current transversely of the glass flow through 
such zone, creating such passage of e]ectric cur- 
rent solely in a transverse section terminating 
substantially shor of the lateral limits of such 
20 zone and extending through the liquid glass from 
the bottom of such zone to substantially tl]e top 
glass leve], said section being adjacent the point 
of introduction of such raw batch materia]s into 
such zone, and contïoliin,g the said passage of 
25 electric current to establish a convection flow of 
tiquid glass throu2h such section from the area 
in a.dvance theïeof to the area in the rear thereof 
and then from the area in the rear thereof to the 
former area via the spaces in such zone extend- 
30 ing beyond the tateral limi/s of such transverse 
section. 
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